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Experiments @ Beauty 2020
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Flavour Programs
• Are there new CP-violating phases in the quark sector? (Why is the Universe 

missing all its antimatter?). 

• Quark mixing in B decays, searches for new sources of CP violation, CKM precision 
metrology. 

• Need to disentangle strong phases. 

• Does nature have multiple Higgs bosons? (Why is there a mass hierarchy in 
fermions) 

• Semileptonic and Leptonic B decays, lepton flavour universality violation. 

• Good “detection universality” (e.g. leptons) to tackle anomalies. 

• Does nature have a L–R symmetry? 

• Radiative and Semileptonic rare B decays. 

• Is there a dark sector of particle physics at the same mass scale as ordinary 
matter?  

• Dark photons, axion like particles, and dark matter, via flavour transitions. 

• Strong interaction dynamics  

• (Exotic) Hadron spectroscopy, flavour production processes.
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Presentation Outline 
1. CP Violation 
2. CKM elements 
3. Rare decays 
4. Dark Sector 
5. Spectroscopy and exotic states 
6. Outlook
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CKM and CPV SM Metrology: B core program

4

B → ππ, ρρ Φ2 B→D l ν / b → c l ν |Vcb| via Form factor  / OPE

B → D(*) K(*) Φ3 B→π l ν / b → u l ν |Vub| via Form factor  / OPE

B → J/ψ Ks Φ1 M → l ν (γ) |VUD| via Decay constant fM

Bs → J/ψ Φ βs εK (ρ, η ) via BK

K → π ν anti-ν ρ, η Δmd, Δms |Vtb Vt{d,s}| via Bag factor BB

B(s) → µ+ µ- |Vt{d,s}| via Decay constant fB

Some decays worth combining

Exp. uncertainties Th. uncertainties
B ! ⇡⇡, ⇢⇢ ↵ B(b)! D(c)`⌫ |Vcb| vs form factor (OPE)
B ! DK � B(b)! D(c)`⌫ |Vcb| vs form factor (OPE)

M ! `⌫(�) |VUD| vs fM
B ! J/ Ks � ✏K (⇢̄, ⌘̄) vs BK
B ! J/ � �s �Md ,�Ms |VtbVtd ,s| vs BB
K ! ⇡⌫⌫̄ (⇢̄, ⌘̄) B ! `+`� |Vtd ,s| vs fB

Sébastien Descotes-Genon (LPT-Orsay) CKM fits and lattice 15/09/10 6

A handle on these parameters

d ! u: Nuclear physics (superallowed � decays)
s ! u: Kaon physics (KLOE, KTeV, NA62)
c ! d , s: Charm physics (CLEO-c, BESIII)
b ! u, c and t ! d , s: B physics (Babar, Belle, CDF/DØ, LHCb)
t ! b: Top physics (CDF/DØ, ATLAS, CMS)

data = weak ⌦ QCD =) Need for hadronic inputs (lattice)
and deconvolution (statistics)

Sébastien Descotes-Genon (LPT-Orsay) CKM fits and lattice 15/09/10 5

Observables with very different properties  

Tree: e.g., |Vub|/|Vcb|, Φ3 
Loop: e.g., ∆md , ∆ms , εK , sin(2Φ1)  

CP-conserving: e.g., |Vub|, ∆md, ∆ms  
CP-violating: e.g., γ, εK , sin(2Φ1) 

Exp. uncs.: e.g., α, sin(2Φ1), Φ3 
Syst. uncs.: e.g., |Vub|, |Vcb|, εK, ∆md, ∆ms 
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Integrated Luminosity - B machines
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Summary

 September 22nd 2020,  Keisuke Yoshihara 19

• Belle II has been running well collecting 74 fb-1 data even during 

COVID19 pandemic. 

• Many interesting results (B→Xsγ, B→Xs ℓ+ℓ-, K*vv) will be out in 

the area of radiative and EWK penguin searches — Stay tuned!

Conclusion
Belle II collected 74.10 fb-1 integrated luminosity

• ~10 times more in this summer than last year.

• Measurements in various processes have been started.
• Rediscovery of * → +∗%.

• First results in ! → #ℓ!ℓ" and ! → #((̅ in progress.

Goal : L = 50 ab-1 by ~2030

• Confirm or exclude the anomalies with * → 0&ℓ!ℓ".

• Discover * → + ∗ ((̅ at early stage and precise 
measurements will be performed.

ICHEP 2020, July 30th Yo Sato (Tohoku University)
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Flavour data sets from colliders

• Order of magnitude increase in e+e- Y(4S) dataset. 

• Concurrent advances in lattice QCD will also be crucial for improved precision tests of the SM. 

• Also new results from NA62 and KOTO at this conference.
6

Experiment ∫ L dt: Now ∫ L dt: 5 years σ(bb) σ(cc)  σ(ss) Operation
Babar 530 fb-1 - 1.1 nb 1.6 nb 0.4 nb 1999-2008
Belle 1040 fb-1 - 1.1 nb 1.6 nb 0.4 nb 1999-2010

Belle II >10 fb-1  

(50 ab-1) 15-20 ab-1 1.1 nb 1.6 nb 0.4 nb 2018-

BESIII ~16 fb-1 ~30 fb-1 - 6 nb (3770 MeV) - 2008-

KLOE-2 5.5 fb-1 - - - ~3 µb (1020 
MeV) 2014-2018

ATLAS 140 fb-1 ~300 fb-1 250-500 µb - - 2009-
CMS 140 fb-1 ~300 fb-1 250-500 µb - - 2009-

LHCb ~10 fb-1 23 fb-1 250-500 µb 1200- 2400 µb (∼1013 KS / fb−1) 2009-
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SuperKEKB
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SuperKEKB, 
21/6/2020

KEKB SuperKEKB Achievements

β*y(mm) 5.9/5.9 0.3/0.27 1/1

Ibeam(A) 1.19/1.65 2.6/3.6 0.7/0.9 **

L(cm-2s-1) 2.11x1034 80x1034 2.4x1034

SuperKEKB Accelerator

Damping	ring:	
reduces	the	!"-
beam	emittance

New	RF	system:
increases	the	
beam	current

New	focusing	
magnets:	reduces	

the	beam	size

#" $ %&' + #) * %&' → ,-.,-,,",), 0"0),…

2 =
4±
6#7#

8 +
9:∗

9<∗
=±>±:
?:∗

@2
@:

KEKB	
( ⁄#) #")

SuperKEKB
( ⁄#) #")

?:∗ (CC) E. G/E. G 0.30/0.27 ×6-

=J&KC (L) 8. 8G/8. M$ 2.6/3.6 ×6

2 (NC)6O)8) 6. 88×8-P$ Q-×8-P$ ×$-

Nano-beam	scheme

1µm

400µm

83mrad

10mm

Reduces	the	beam	
size	in	the	!"-!)
interaction	region	
to	50 nm.

50	nm

KEKB	→	SuperKEKB

Key	ingredients

2W&OXYZ
[\]\^ = Q-×8-P$NC)6O)8 = 40 × _`abcdce

SuperKEKB

3

20× smaller beam spot (σy=50 nm) but 
generally higher beam background  



CP Violation

Unitarity triangle angles 
B Amplitude analyses 
Charm
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Current Challenges
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Φ3 (γ) in BP - GGSZ

• Dalitz plot analysis of D → KS0hh from B → Dh (h = K,π) . 

• The most precise single measurement. Large local CPV observed. 

• LHCb combination of Φ3 measurements will be updated soon, expect σ(Φ3) ∼ 4◦.

10

JHEP 06, 40 (2020) 
LHCb-CONF-2020-001

Talk by A. Poluektev
Results

[LHCb-CONF-2020-001]

Binned fit results and constraints on physics parameters:

exp. syst CLEO, BES-III

The most precise single measurement of �.

Using full Run I + Run II sample by LHCb, B± ! Dh±, D ! K 0
Sh

+h� (h = K ,⇡)

New data-driven technique to account for non-uniform acceptance

New strong phase measurement by BES-III used

Statistically dominated, �(syst) ⇠ 1�, �(CLEO+BES)⇠ 1�.

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 15/18

� from Dalitz plot analyses: Run I+II update New!

[LHCb-CONF-2020-001]

Full LHCb dataset: 2011–2018 (Run I + II),
R
Ldt = 9 fb�1 at

p
s = 7, 8, 13TeV

Samples used: B± ! Dh± (h = K ,⇡) with D ! K 0
S⇡

+⇡� and D ! K 0
SK

+K�
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B ! DK , D ! K 0
S⇡

+⇡�

⇠ 15k events

Signal sample with significant CPV

B ! D⇡, D ! K 0
S⇡

+⇡�

⇠ 210k events

High-stats sample with low CPV
for data-driven acceptance

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 8/18

� from Dalitz plot analyses: Run I+II update New!

[LHCb-CONF-2020-001]

Full LHCb dataset: 2011–2018 (Run I + II),
R
Ldt = 9 fb�1 at

p
s = 7, 8, 13TeV
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+⇡� and D ! K 0
SK
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S⇡

+⇡�

⇠ 15k events

Signal sample with significant CPV

B ! D⇡, D ! K 0
S⇡

+⇡�

⇠ 210k events

High-stats sample with low CPV
for data-driven acceptance

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 8/18

Results

Fit results for CPV observables: [LHCb-CONF-2020-001]

preliminarypreliminary

Large CP asymmetry in certain phase space regions:

!

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 14/18

Dalitz Bins
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Charm inputs to Φ3

• New generation of ci and si measurements from quantum correlated D decays that result in 
Φ3 systematic of 1o.

11

Talk by J. Libby

Results

[LHCb-CONF-2020-001]

Binned fit results and constraints on physics parameters:

exp. syst CLEO, BES-III

The most precise single measurement of �.

Using full Run I + Run II sample by LHCb, B± ! Dh±, D ! K 0
Sh

+h� (h = K ,⇡)

New data-driven technique to account for non-uniform acceptance

New strong phase measurement by BES-III used

Statistically dominated, �(syst) ⇠ 1�, �(CLEO+BES)⇠ 1�.

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 15/18

Binned model-independent fit

[PRD 82:112006,2010]

N±
i = h±

h
Fi + (x2

± + y 2
±)F�i + 2

p
FiF�i (x±ci + y±si )

i

Physics parameters: x± = rB cos(�B ± �), y± = rB sin(�B ± �),
Strong phase parameters: ci , si measured by CLEO and BES-III
from quantum correlations in e+e� ! DD decays.

BES-III measurement [PRL 124, 241802 (2020)] used for the 1st time, ⇥4 stats of CLEO

Flavour-specific bin yield fractions: Fi , shared between B ! DK and B ! D⇡

Anton Poluektov Measurement of � at LHCb Beauty 2020, 21–24 September 2020 12/18

Results
Three different binning schemes 

Fit binned quantum-correlated yields to 
extract ci and si

Statistically dominated 

Systematics from assumptions of including 
K0Lpipi and flavour tag

22-09-2020 BEAUTY 2020 23

BESIII
CLEO
Model

Optimal binning scheme used for J

PRL 124, 241802 (2020)
PRD 101, 112002(2020) Yields

2.93 fb�1 of data compared with 0.82 fb�1 for the only 
previous measurement by CLEO - PRD 82, 112006 (2010)

New final states: CP even 𝜋ା𝜋ି𝜋଴ and 𝐾ௌ଴ 𝜋଴𝜋଴ 𝜋ା𝜋ି
where one 𝜋଴ is not reconstructed

22-09-2020 BEAUTY 2020 22

PRL 124, 241802 (2020)
PRD 101, 112002(2020) 

PRL 124, 241802 (2020) 
PRD 101, 112002 (2020)

Physics parameters: x± = rB cos(δB ± γ), y± = rB sin(δB ± γ),  
Strong phase parameters: ci, si  
Flavour-specific bin yield fractions: Fi , shared between B → DK and B → Dπ
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Φ3 (γ) from Bs time dependent

• Measurement of CKM angle Φ3 from 
time-dependent amplitude analysis 
of Bs→ DsKππ.  

• Agrees with WA.

12

LHCb-PAPER-2020-030

Talk by S. Perazzini

CP-violation in !!" → #!#$$%$%# decays

11

Model independent fit Model-dependent fit

Different contributions from 
2 → 4 and 2 → < transitionsUse CPV parameters to determine g

LHCb Preliminary LHCb Preliminary

LHCb Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb Preliminary

LHCb-PAPER-2020-030

Very good agreement between the two methods

LHCb Preliminary

CP-violation in !!" → #!#$$%$%# decays

10

Model independent fit Model-dependent fit

Different contributions from 
2 → 4 and 2 → < transitionsUse CPV parameters to determine g

LHCb Preliminary LHCb Preliminary

LHCb Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb
Preliminary

LHCb Preliminary

LHCb-PAPER-2020-030

CP-violation in !!" → #!#$$%$%# decays
• Analysis based on full LHCb dataset à ~9 fb-1

• Natural calibration sample is %!" → ,!%.&.&.% decay
– Used for flavour tagging and decay-time efficiency
– Large statistics allow to perform precise measurement of %!" mixing frequency Δm#
– Use mass fit to subtract background and then perform sFit [arXiv:0905.0724]

8
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Φs vs ΔΓs with B→J/ψΦ 

• New studies by ATLAS and CMS with 13 TeV data. 

• Angular analyses to disentangle 2 CP eigenstates. 

• Small systematics on flavour tagging.

13

CMS arXiv:2007.02434 
ATLAS Preliminary

Talks by G. Fedi, S. Simsek

Signal reconstruction

�s sensitivity on tagged events “ f
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˝ Tagging power Ptag “ ✏tag D2
tag

˝ Lint “ 96.4fb´1 collected in 2017 and 2018

˝ Number of signal B0
s

“ 48 500

O✏ine selection

p
T

pµq • 3.5 GeV

|⌘pµq| § 2.4

p
T

pKq • 1.2 GeV

|⌘pKq| § 2.5ˇ̌
ˇ̌mpµ`µ´q ´ m

PDG
J{ 

ˇ̌
ˇ̌ † 150 MeV

ˇ̌
ˇ̌mpK`

K
´q ´ m

PDG
�p1020q

ˇ̌
ˇ̌ † 10 MeV

p
T

pB0
s

q • 11 GeV

ctpB0
s q • 70 µm

B
0
s

Ñ J{ � Vtx prob • 0.1%

mpµ`µ´
K

`
K

´q [5.24, 5.49] GeV

G. Fedi (Imperial College) CPV with B0
s ÑJ{ �p1020q decay 4 / 16

Analysis strategy

˝ The Bs meson decays into a final state J{ �p1020q,
which is a mixture of two CP eigenstates (odd/even)

˝ Need to disentangle the two states using an angular

analysis

˝ Time dependent analysis, the proper decay time of

B0
s is reconstructed

˝ Trigger: J{ Ñ µ`µ´ candidate plus an additional

muon

- no lifetime cuts and it enhances the tagging power

˝ Datasets: 2017 and 2018 CMS data taking

- datasets with the highest statistics of LHC Run2 and

with a new inner tracker installed (increased proper

time resolution)

G. Fedi (Imperial College) CPV with B0
s ÑJ{ �p1020q decay 5 / 16

Tagging algorithm and calibration

˝ In each event the tagging muon is chosen among those not belonging to the J{ , in case of

multiple tagging muons (3%) the highest pT is selected

˝ A fully connected DNN is used to evaluate per-event mistag probability

- Multiple input variables, mainly related to the kinematics of the muon and its geometrical position

w.r.t. signal

˝ !evt is calibrated in data with self-tagging B` Ñ J{ K` decays with a linear function
2017 tagging calibration 2018 tagging calibration

G. Fedi (Imperial College) CPV with B0
s ÑJ{ �p1020q decay 7 / 16

Tagging algorithm and calibration

˝ In each event the tagging muon is chosen among those not belonging to the J{ , in case of

multiple tagging muons (3%) the highest pT is selected

˝ A fully connected DNN is used to evaluate per-event mistag probability

- Multiple input variables, mainly related to the kinematics of the muon and its geometrical position

w.r.t. signal

˝ !evt is calibrated in data with self-tagging B` Ñ J{ K` decays with a linear function
2017 tagging calibration 2018 tagging calibration

G. Fedi (Imperial College) CPV with B0
s ÑJ{ �p1020q decay 7 / 16
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Φs vs ΔΓs with B→J/ψΦ 

14

CMS arXiv:2007.02434 
ATLAS Preliminary

Talks by G. Fedi, S. Simsek

Updated overview of the experimental results
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Conclusions

Analysis of the 2015+2016+2017 data of 80.5 fb�1 performed

Results combined with those from the previous Run 1 analysis

Results are compatible with LHCb and CMS ones
as well as with the Standard Model prediction

Our new measurement improves precision of the parameters

Current results on �s from LHC

�s [rad]

LHC Combined Run 1 �0.021 ± 0.031 (stat)

LHCb 4.9 fb
�1

EUR. PHYS. J. C 79 (2019) �0.0042 ± 0.025 (stat)

ATLAS Run 1 JHEP08, 147 �0.090 ± 0.078 (stat) ± 0.041 (syst)

CMS 96.4 fb
�1

CMS-PAS-BPH-20-001 �0.021 ± 0.045 (stat)

ATLAS 2015/16/17 (80.5 fb�1
) � Run 1 (19.2 fb�1

) �0.087 ± 0.037 (stat) ± 0.019 (syst)

S. Simsek for the analyzers Run-2 B0
s ! J/ � Analysis 16 / 27
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Belle Time Dependent Studies

• New B→KSKSKS result (b→sqq good for NP), 𝑆 = −0.71 ± 0.23 (stat) ± 0.05 (sys). 

• Recent Belle result on B→J/ψπ0 - key input to strong penguin pollution in B→J/ψ KS.

15

Belle Preliminary

Talk by K. Kang

• Pure 𝑏 → 𝑠 penguin transition by loop diagram
• Sensitive to new physics

• 𝐶𝑃-even eigenstate
• 𝑆 ൌ െsin 2𝜙ଵ

௘௙௙

• We aim to accurately measure 𝑇𝐶𝑃𝑉 value 
in 𝐵଴ → 𝐾ௌ଴𝐾ௌ଴𝐾ௌ଴ with final data sample (772M 𝐵 ത𝐵).

7

532M 𝐵 ത𝐵

Introduction - motivation

െsin2𝜙ଵ
௘௙௙ in 𝑏 → 𝑐 ҧ𝑐𝑠

Significance of 𝐶𝑃 violation

• The significance is calculated using the 
Feldman-Cousins approach.

• The significance of 𝐶𝑃 violation is 
determined to be 2.5ߪ away from (0,0)

13

Physical boundary
𝑆ଶ ൅ 𝐴ଶ ൑ 1

ߪ1 ߪ2 ߪ3

Measured result
S -0.71, A 0.12

Confidence region for 𝑆 and 𝐴

b->css W.A
-0.699

This result
(2020)
Belle
(2020) 0.71 േ 0.23

0.6 ߪ

Preliminary

Consistent with previous measurements and 𝑏 → 𝑐 ҧ𝑐𝑠
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Measurement of 𝐶𝑃𝑉 parameters

• PDF to extract 𝐶𝑃𝑉 parameters

• 𝑃௦௜௚ : signal PDF
• 𝑃௕௞௚: continuum background PDF
• 𝑃௢௟ : outlier components PDF

• Fitting results 
• 𝑺 ൌ െ𝟎. ૠ𝟏 േ 𝟎. 𝟐𝟑 𝐬𝐭𝐚𝐭 േ 𝟎. 𝟎૞ ሺ𝐬𝐲𝐬𝐭ሻ

• െ𝑠𝑖𝑛 2𝜙ଵ in 𝑏 → 𝑐 ҧ𝑐𝑠 ൌ െ0.699
• 𝐴 ൌ 0.12 േ 0.16 stat േ 0.05 ሺsystሻ

12

Preliminary

𝐵଴

ത𝐵଴
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Belle II Time Dependent Studies

• Good vertex resolution - 
ability to measure B lifetime. 

• Flavour tagging  
Belle: εeff = (30.1±0.4)%  
Belle II: εeff = (33.8±3.9)% 

• sin(2φ1)  
=0.55±0.21(stat)±0.04(sys)  

• ∆md  
=(0.531±0.046(stat)±0.013 
(syst)) ps−1 

16

Talk by T. Humair

arXiv:2008.03873

Time dependent CP violation at the B factories

B0
sig

e� e+

KS

µ+

µ�
J/ 

D+

µ�
⌫µ

(�)

B0
sig

B
0
tag

�z ⇡ �t · ��⌥(4S)

Three main ingredients are necessary for precise „1 measurement in a B factory environment:
1. Large dataset, B(B0 æ J/Â(¸+¸≠)K 0

S (fi+fi≠)) ¥ 3.6 ◊ 10≠5;
2. Precise decay-time di�erence �t measurement;
3. Good flavour tagging performance.

4 Beauty 2020 Thibaud Humair

Boost and �t precision
Belle II has a reduced boost compared to Belle:

—“ = 0.43 ≠æ —“ = 0.29

∆ added a two-layer pixel detector directly around the beam pipe
(radius ¥ 1.8 cm) to recover precision on �t.

Second layer partially installed. One layer is currently enough as
the machine needs time to ramp up to the nominal luminosity.
Simulation studies show the precision on �t should be comparable to that of Belle:

Belle II
simulation
preliminary

Belle II
simulation
preliminary

6 Beauty 2020 Thibaud Humair

Time-dependent CP-violation result BELLE2-NOTE-PL-2020-011

sin(2„1) = 0.55 ± 0.21 (stat.) ± 0.04 (syst.)
Belle II already able to see first 2.7 ‡ hint for time-dependent CPV!

11 Beauty 2020 Thibaud Humair

Flavour tagger performance arXiv:2008.02707

Flavour tagger performance characterised by
I wrong tag fraction w ;
I e�ective e�ciency Áe� = Átag · (1 ≠ 2w)2.

w is measured with 2019 data, time-integrated:
I Reconstruct signal in flavour specific

B0 æ D(ú)≠h+ final states;
I Measure asymmetry between

mixed/unmixed events:

N(BB) ≠ N(BB, BB)
N(BB) + N(BB, BB)

= (1≠2w)(1≠2‰d)

(‰d mixing prob from PDG)
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Find Áe� compatible with Belle:

Belle: Áe� = (30.1 ± 0.4)%, Belle II: Áe� = (33.8 ± 3.9)%
8 Beauty 2020 Thibaud Humair
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TDCPV in B(s)→h+h-’

• Measurement of time-dependent and time-integrated CP 
asymmetries in B(s)→ hh’. 

• Combined with Run-1: First observation of time-dependent CP 
violation in Bs→hh decays with 6.7 σ significance .

17

LHCb-PAPER-2020-029 

Talk by S. Perazzini

CP-violation in !(!)" → &$&'# decays

17

Compatibility measured
with pseudoexperiment

Largest difference for 0'()) but large 
uncorrelated systematic uncertainties

Global compatibility is at 1.5s
dominated by difference in 0'())

Simultaneous method

Per-event method

Simultaneous method Per-event method
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LHCb PreliminaryCP-violation in !(!)" → &$&'# decays

20

Combination 
with Run1

From simultaneous method LHCb-PAPER-2020-029

LHCb-PAPER-2020-029
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=++ , ?++ , @++,- ≠ (0,0, −1) @ 6.5s
=++ , ?++ ≠ (0,0) @ 6.7s

First observation of time-dependent CPV
in E./ decays!!!

=++0 + ?++0 + @++0 = 0.93 ± 0.08
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Belle II Charmless Hadronic Studies

• First Belle II 
measurement of BFs, CP 
asymmetries, and 
Polarisation in  

• B→Kπ 

• B→Khh 

• B→ΦK* 

• Critical for neutral mode 
inputs - to understand 
strong interaction 
effects.

18

arXiv:2009.09452 
arXiv:2008.03873

Talk by Y-T. Lai

2020/09/22 Yun-Tsung Lai (Kavli IPMU) @ Beauty 2020 2

Introduction

Non-SM contribution 
in the penguin loop.

Interference between different amplitudes:

Localized CP violation 
in three-body decays.

More precise quark-mixing angle 
α/φ

2
 measurement 

by Belle II.

B→Kπ puzzles: B and ACP relations 

constrained by isospin sum rule.

Time-dependent CP violation 
measurement of B→φK0 v.s. B→J/ψK0. 

Decays into neutral particle (e.g. π0, K
s
): 

Complementary to LHCb.

Polarization "puzzles"
in B→φK*.

b→u: 
Cabibbo-
suppressed 
tree diagram.

b→d,s: 
Penguin 
diagram.

● Charmless B decays mainly process via: ● A good topic to search for new physics 
in Belle II.

Challenge: Small signals and final states hardly distinguishable from 105 times larger 
common backgrounds: PID and comtinuum suppression are critical.

2020/09/22 Yun-Tsung Lai (Kavli IPMU) @ Beauty 2020 9

B+ → K+π0, B+ → π+π0 : 1 track and 1 π0 

Signal Yield

Measured B (10-6)

PDG (10-6) 12.9 ± 0.5

144−24

+25 Signal Yield

Measured B (10-6)

PDG (10-6) 5.5 ± 0.4

B+ → K+π0 B+ → π+π0

12.7−2.1
+2.2 ( stat .)±1.1( syst .)

68± 27

5.7±2.3( stat .)±0.5 (syst .)

● 1D fit on difference between observed and expected B energy:
● B+ → K+π0: relevant for isospin sum rule. 

● B+ → π+π0: φ
2
 determination.

● Physics validation on π0 reconstruction.

2020/09/22 Yun-Tsung Lai (Kavli IPMU) @ Beauty 2020 10

B+ → K0π+, B0 → K0π0 : Final state with K0
S

Signal Yield

Measured B (10-6)

PDG (10-6) 23.7 ± 0.8

65−9

+10 Signal Yield

Measured B (10-6)

PDG (10-6) 9.9 ± 0.5

B+ → K0π+ B0 → K0π0

35± 9

10.9−2.6
+2.9 ( stat .)±1.6 (syst .)21.8−3.0

+3.3 (stat .)± 2.9( syst .)

● 1D fit on difference between observed and expected B energy:
● Relevant for isospin sum rule. 

● Physics validation on K0

S
 reconstruction scheme.2020/09/22 Yun-Tsung Lai (Kavli IPMU) @ Beauty 2020 10
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2
 determination.

● Physics validation on π0 reconstruction.

2020/09/22 Yun-Tsung Lai (Kavli IPMU) @ Beauty 2020 11

ACP measurement for two-body decays

Measured ACP 

PDG -0.083 ± 0.004

B0 → K+π- B0 → K-π+ 142−13

+13
147−13

+13 B+ → K+π0 69−14

+14
B- → K-π0 75−15

+15

B+ → K0π+ 35−5

+5
B- → K0π- 30−5

+4

B+ → π+π0 43−20

+19
B- → π-π0 24−14

+13

0.030± 0.064( stat .)±0.008 (syst .) Measured ACP 

PDG 0.037 ± 0.021

0.052−0.119
+0.121 ( stat .)±0.022( syst .)

Measured ACP 

PDG -0.017 ± 0.016

−0.072−0.114
+0.109 ( stat .)±0.024 ( syst .) Measured ACP 

PDG 0.03 ± 0.04

−0.268−0.322
+0.249 ( stat .)± 0.123( syst .)

● Fit to obtain yields of the 2 flavor's final states.
● Prompts a thorough data-driven study of charge-dependent reconstruction 

asymmetries: important for upcoming CP violation measurements.
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B→h+h+’h-’

• Measurement of the relative 
branching fractions of B+ → h+h’+h’- 
decays - big improvement over WA. 

• Recent amplitude analyses in B+ → 
h+h’+h’- with large CP asymmetries 
observed in several amplitudes. 

19

LHCb-PAPER-2020-031 
PRL 124 (2020) 031801 
PRD 101 (2020) 012006 
PRD 102 (2020) 012011

Talk by T. Latham
!( → ℎ(ℎ+(ℎ+) fit results

• Signal yields extracted 
from a simultaneous fit 
to all four channels

• Allows to constrain 
cross-feed between the 
signal channels due to 
particle mis-ID

• Intermediate charm
decays removed with
invariant mass vetoes

22/09/2020 Charmless hadronic B decays at LHCb 18

LHCb-PAPER-2020-031

Preliminary

Preliminary Preliminary

Preliminary
$$ → ℎ$ℎ&$ℎ&% branching fractions

22/09/2020 Charmless hadronic B decays at LHCb 20

LHCb-PAPER-2020-031

• Preliminary results for relative 
branching fractions determined

• Results are systematically limited
• Largest sources of systematic 

uncertainty from background 
modelling and hardware trigger 
efficiency determination

• Figures show comparison with current 
WA results

• Significant improvement in precision 
obtained
– e.g., using these results and fit fraction 

from ;+ → =+=+=$ amplitude 
analysis, precision on ℬ(;+ → C.=+)
improves from 16% to 6%

Preliminary Preliminary

Preliminary
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Charm CPV Indirect

• 2020 Measurement based on charm from B decays at sqrt(s)=13 TeV.  

• No indication of mixing-induced CP violation in charm. 

20

Talk by A. Reis

PRD 101, 012005 (2020) 
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The time-dependent CP asymmetry:

The measured quantity is the time-dependent charge asymmetry

Neglecting 
CPV in decay:

time independent

The time-dependent charge asymmetry 
is computed for 20 bins of decay time 

and fitted to a linear function
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Charm at Belle II

• Proper time resolution at Belle II is a factor 2 better than Belle & BaBar. Implications for 
mixing parameter measurements.  

• Q-resolution 2x better, good for time dependent amplitude analysis in D0→KSππ.
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� Proper time resolution at Belle II is a factor of 2 better than Belle & BaBar, thanks 

to the improved vertex detector and the ͞ŶaŶŽ-beamƐ͟ ƚechŶiƋƵe
� Belle SVD2 = 4 layers DSSD 

� BaBar SVT = 5 layers DSSD 

� Belle II VXD =  2 layers DEPFET pixels + 4 layers DSSD

� Sensitivity for mixing parameters would 

benefit from such resolution 

improvement. An example of Toy MC 

study for  𝐷଴ → :ߨܭ

Resolution improvement 

visible at ݐ ൏ 0

estimated

error on

current

HFLAV

Belle 

scaled

to 50/ab

Toy MC

50/ab, 

CPV

’ݔ ሺ%ሻ ʹ (*) 0.45 0.15

ଶ’ݔ ሺ%ሻ ʹ 0.009 –
’ݕ ሺ%ሻ ʹ 0.16 0.10

|݌/ݍ| ~ 0.09 ʹ 0.051

߶ ሺ°ሻ ~ 9 ʹ 5.7

Time-Dependent Measurements
𝐷଴ lifetime measurement

Distance from first layer to beam: 30 mm

Distance from first layer to beam: 14 mm

Distance from first layer to beam: 32 mm

� fit the proper time distributions of 
three 𝐷∗-tagged 𝐷଴ decays channels.
� unbinned ML fit
� per-candidate flight time errors
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Current Challenges
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Bs→Ds* µ ν Form Factors

• First unfolded normalised differential decay rate for Bs0→ Ds*μν.  

• Values agree with HFLAV world average from B0→D*μν.
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PRD 101, 072004 (2020)  
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Talk by S. Braun

Signal fits

arXiv:2003.08453
• Extended binned maximum-likelihood fit in 7 bins of w to extract raw yields

! w binning chosen to have same amount of signal yield
• w known up to quadratic ambiguity ! use MVA regression method JHEP 02 (2017) 021 to

select solution with 70% purity
• Backgrounds coming from semitaounic Bs decays, double charm decays, feed-down from

higher excited D⇤�
s and combinatorial background from SS data
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Measurement strategy
Phys. Rev. D101 072004

• Uses full Run 1 data (1 fb�1 @ 7 TeV + 2 fb�1 @ 8 TeV)

• Both decays B0
s ! D(⇤)�

s µ+⌫µ are reconstructed through Ds(! [KK ]�⇡)µ

• Normalized to B0 ! D(⇤)�µ+⌫µ as kinematically similar decay
! reduce systematic uncertainties, but needs as external input hadronization fraction fs/fd and
measured branching fractions

• Measure R(⇤) =
B(B0

s!D(⇤)�
s µ+⌫µ)

B(B0!D(⇤)�µ+⌫µ)
! extract |Vcb| and branching fraction from that

• New idea: use variable p?(D�
s ) which is highly correlated with w and fully reconstructible
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Signal and normalization fits
Phys. Rev. D101 072004

signal double charm background
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• Perform 2D template fit to p?(Ds) and corrected mass

mcorr =
q

m2(Dsµ) + p2
?(Dsµ) + p?(Dsµ)

! allows to discriminate between signal and different backgrounds
• Signal templates depend on form factors ! recalculated at each fit iteration

! fit also sensitive to FF parameters
! use both parametrisations CLN and BGL

• simultaneous fit to signal and normalisation decays
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Signal fits

arXiv:2003.08453
• Extended binned maximum-likelihood fit in 7 bins of w to extract raw yields

! w binning chosen to have same amount of signal yield
• w known up to quadratic ambiguity ! use MVA regression method JHEP 02 (2017) 021 to

select solution with 70% purity
• Backgrounds coming from semitaounic Bs decays, double charm decays, feed-down from

higher excited D⇤�
s and combinatorial background from SS data
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Form factor Fit
arXiv:2003.08453

• Measured w spectrum must be unfolded and
corrected using bin-by-bin efficiencies for FF fit
! CLN and BGL parametrisations consistent
with each other and data

• Leading FF results:
• CLN:

⇢2 = 1.16 ± 0.05(stat)± 0.07(syst)
• BGL:

af
1 = �0.002±0.034(stat)±0.046(syst),

af
2 = 0.93+0.05

�0.20(stat)+0.06
�0.38(syst)

! systematically limited measurement, mainly
from simulation statistics

! Values agree with HFLAV world average from
B0 ! D⇤+µ�⌫̄µ
! Consistent results with previously discussed
analysis Phys. Rev. D101 072004
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! First unfolded normalised differential decay rate for B0
s ! D⇤�

s µ+⌫µ as function of the w
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Form factor Fit
arXiv:2003.08453

• Measured w spectrum must be unfolded and
corrected using bin-by-bin efficiencies for FF fit
! CLN and BGL parametrisations consistent
with each other and data
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analysis Phys. Rev. D101 072004
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|Vcb| with Bs→Ds(*) µ ν
• First exclusive |Vcb| measurement at hadron collider and 

using Bs mesons  
|Vcb| = (42.3 ± 0.8(stat) ± 0.9(syst) ± 1.2(ext)) × 10−3

25

Results

Phys. Rev. D101 072004

• |Vcb|CLN = (41.6±0.6(stat)±0.9(syst)±1.2(ext))⇥10�3

• |Vcb|BGL = (42.3±0.8(stat)±0.9(syst)±1.2(ext))⇥10�3

! both are in agreement with each other
! confirms trend that parametrisation not responsible for
inclusive vs exclusive disagreements

! Both results are in agreement with previous exclusive and
inclusive |Vcb| determinations

! First exclusive |Vcb| measurement at hadron collider and using
Bs mesons

10 20 30 40
]3−| [10cbV|

ALEPH [PLB 395, 373 (1997)]
CLEO [PRL 82, 3746 (1999)]
Belle [PRD 93, 032006 (2016)]
BaBar [PRD 79, 012002 (2009)]
BaBar [PRL 104, 011802 (2010)]
ALEPH [PLB 395, 373 (1997)]
CLEO [PRL 89, 081803 (2002)]
OPAL [PLB 482, 15 (2000)]
OPAL [PLB 482, 15 (2000)]
DELPHI [PLB 510, 55 (2001)]
DELPHI [EPJ C33, 213 (2004)]
BaBar [PRD 77, 032002 (2008)]
BaBar [PRL 100, 231803 (2008)]
BaBar [PRD 79, 012002 (2009)]
Belle [PRD 100, 052007 (2019)]
BaBar [PRL 123, 091801 (2019)]
LHCb [LHCb-PAPER-2019-041]

CLN
BGL

CLN
BGL
CLN
BGL

CLN
BGL

Exclusive average (HFLAV 2019)
Inclusive average (HFLAV 2019)

Exclusive branching fractions

• B(B0
s ! D�

s µ+⌫µ) = (2.49 ± 0.12(stat)± 0.14(syst)± 0.16(ext)⇥ 10�2)

• B(B0
s ! D⇤�

s µ+⌫µ) = (5.38 ± 0.25(stat)± 0.46(syst)± 0.30(ext)⇥ 10�2)

! dominant uncertainty comes from external inputs fs/fd , then Ds ! KK⇡ Dalitz structure
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Signal fit results
Phys. Rev. D101 072004• Signal fit using CLN parametrisation:
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! good agreement between CLN and BGL
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B→D* l ν with non-zero recoil LQCD
• Analysis of Belle untagged data with preliminary LQCD data 

points (JLQCD) at non-zero recoil (normalised to zero recoil). 

• Constrains high order BGL expansion and form factors, but 
does not result in different central values for |Vcb|.

26

D. Ferlewicz, PU, E. Waheed 
arXiv: 2008.09341

14

FIG. 8. The form factors and ratios ⌘2
EW|Vcb|2F2

, hA1(w)/hA1(1), R1 and R2 as a function of the hadronic recoil, w, for CLN,

CLNnoR and CLNnoHQS using preliminary input from JLQCD at non-zero recoil. The LQCD input has been included in the

plot for hA1 . The central values and uncertainties are calculated via the same method as Fig. 3.

FIG. 9. Summary of the F(1)⌘EW|Vcb| values from the various fit scenarios covered in this paper. For the PDG reference values

we use F(1) = 0.904± 0.012.

12

FIG. 5. The measured binned yields (data points) with statistical uncertainty for each observable of the B0 ! D⇤�`+⌫` decay

overlaid with the BGL(2,2,2) (cyan) parametrization fit results where LQCD constraints have been introduced. The statistical

and systematic uncertainties in the fits are determined in the same way as Fig. 1. The results from the fit are in agreement

with the data.

FIG. 6. The normalized form factor hV (w)/hV (1) as a function of the hadronic recoil, w, for BGL(1,1,2) with (orange) and

without (cyan) LQCD constraints, and BGL(2,2,2) with LQCD constraints (pink). The zoomed window within the plot is used

to emphasize the region around the LQCD inputs for hV . The central values and uncertainties are calculated via the same

method as Fig. 3.
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FIG. 7. The form factors and ratios ⌘2
EW|Vcb|2F2

, hA1(w)/hA1(1), R1 and R2 as a function of the hadronic recoil, w, for

BGL(1,0,2), BGL(1,1,2) and BGL(2,2,2) using preliminary input from JLQCD at non-zero recoil. The LQCD input has been

included in the plot for hA1 . The central values and uncertainties are calculated via the same method as Fig. 3.

TABLE VII. Correlations between the form factor values at non-zero recoil, hX(w)/hX(1) where X = A1, V and w = 1.04, 1.08.
The entries in this table are approximated from preliminary results from JLQCD. This correlation matrix is multiplied by the

uncertainties for each LQCD point and then appended to the 40⇥ 40 statistical covariance matrix in a block-diagonal manner.

hA1(1.04)/hA1(1) hA1(1.08)/hA1(1) hV (1.04)/hV (1) hV (1.08)/hV (1)

hA1(1.04)/hA1(1) 1.0 0.85 0.38 0.49

hA1(1.08)/hA1(1) 0.85 1.0 0.18 0.44

hV (1.04)/hV (1) 0.38 0.18 1.0 0.93

hV (1.08)/hV (1) 0.49 0.44 0.93 1.0

See Talk by C. Davies on LQCD results
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Inclusive |Vub|

• Preliminary Belle analysis of  
B→Xu l ν (ICHEP 2020) 

• B-full reconstruction tag 

• Fit to MX-q2 

• BDT background suppression 

• |Vub| (avg) =  
(4.06±0.09stat±0.16sys±0.15theo) 10-3  

• Reduced tension with exclusive 
measurement: 1.4 σ.

27

ICHEP Belle Preliminary

Talk by G. Ricciardi (Theory)
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Towards B→D(*) τ ν @ Belle II

• Measurements of BR(B→D* l ν) tagged (15% precision), and 
untagged (12% precision, systematics dominated by control 
mode). Good e/µ detection universality. 

• On track for competitive measurements soon - work on 
lepton ID at low momentum.

28

Talk by H. Atmacan
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Rediscovery of B0  → D*+ ℓ νℓ (Untagged)

!19

Exclusive B̄0 → D*+ℓνℓ
Flagship decay for  exclusive Vcb measurements!

Reconstruct  and  . 
Identify lepton using PID algorithms.
Suppress  events using pD*<2.4 GeV/c and R2 <0.3. 

D0 → K−π+ D*+ → D0πs

e+e− → qq̄

cosθBY = 2E*BE*Y − m2
B − m2

Y

2 |p*B | |p*Y |
Extract signal yield with a fit to  .cosθBY

ℬ(B̄0 → D*+ℓν̄) = (4.60 ± 0.05(stat) ± 0.18(sys) ± 0.45πs) %
Compatible with current world average!
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cos✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
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B(B̄0 ! D⇤`⌫̄) = (4.60± 0.05(stat)± 0.18(sys)± 0.45⇡s)%
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Reµ =
B(B̄0 ! D⇤+e�⌫̄e)

B(B̄0 ! D⇤+µ�⌫̄µ)
= 0.99± 0.03
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• Signal yield extraction using a fit to 
cosθBY .

Compatible 
with current 
world average! 

B(B̄0 ! D⇤+`⌫̄) = (5.05± 0.14)%
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Rediscovery of B0  → D*+ ℓ νℓ (with hadronic tag)

!20

• Identify Btag candidate with Mbc>5.27 GeV/c2

 and FEI signal probability >0.001.
•  Reconstruct D0 meson from oppositely charged tracks 

with1.858 < MD < 1.878 GeV/c² . 
• Combine D0 and  to form D*+ with 0.143 < < 0.148 

GeV/c2

• Identify high momentum lepton with  GeV and 
combine with D*+ .

• Apply Emiss>0.3 GeV and determine 
• Extract signal yield using a fit to signal + background: 

−0.15 < ΔE < 0.1

πs ΔM

p*l > 1.0

M2
miss

Tagged Exclusive B0 → D*+ℓνℓ

In agreement with world average!

15

ℬ(B̄0 → D*+ℓνℓ) = (4.51 ± 0.41stat ± 0.27syst ± 0.45πs
) %

ℬ(B̄0 → D*+ℓνℓ) = (5.05 ± 0.14) %
FIG. 2. The post-fit m2

miss distribution is shown.

Source Relative uncertainty (%)

Tracking of ⇡s 10%

MC modeling 5%

FEI Calibration 3%

Tracking of K, ⇡, ` 3%

N
B

0 2%

f+0 1%

Charm branching fractions 1%

Lepton ID 1%

Total 12%

TABLE I. Summary of the relative systematic uncertainties for the branching fraction measure-

ment.

12

• Signal yield extraction with fit to m2miss

m2
miss = (pe+e� � pBtag � pD⇤ � pl)

2
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Compatible with current world average! 

Remark: Not an anomaly at Belle

arXiv: 2008.10299 
arXiv: 2008.07198
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LFU in tt → W→ l ν

• R(τ/μ)=0.992 ± 0.013  
[ ± 0.007 (stat) ± 0.011 (syst) ] 

• A new technique making use 
of ATLAS’s huge Run-2 dataset 
and excellent muon 
reconstruction shines new 
light on an old LEP 
discrepancy 

29

Talk by I. Sanderswood

arXiv:2007.14040 

Summary
• A new technique making 

use of ATLAS’s huge 
Run-2 dataset and 
excellent muon 
reconstruction shines 
new light on an old LEP 
discrepancy 

• Another example of 
the impressive high 
precision 
measurements 
possible in the LHC 

• A(nother) beautiful 
confirmation of the 
Standard Model!

19

Analysis Strategy

• µ from τ can be distinguished by their 
larger transverse impact parameter (|d0µ|) 
and different transverse momenta (pT) 
spectra (as shown in doodles)Ⱦ


• τȾℓν has been previously very 
precisely (0.26%) measured, so this 
should not dominate at our targeted 
precision


• Perform 2-D fit of the probe lepton in pTµ 
and |d0µ|, allow  overall rate of top events 
to float along with  R(τ/µ). This allows 
best separation between prompt muons, 
muons from intermediate tau and muons 
from hadronic decays

7

hadronic µ
prompt µ
τȾ µ

|d0µ|

pTµ

Results
Post-fit data/MC agreement

15



Rare & FCNC 
Decays
Semileptonic decays 
Leptonic decays 
LFV and LFUV 
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Bs,d→µµ

• B0s →μ+μ- has exceeded 5 σ at CMS.  

• Lifetime consistent with SM, (1.609 ± 0.010) ps.

31

Talks by C. Kar, A. Perrevoort

CMS JHEP 04 (2020) 188  
CMS-PAS-BPH-20-003  
LHCb-CONF-2020-002  

ATLAS-CONF-2020-049 

10

CMS results

2D UML
sPlot

1.70+ 0.61/� 0.44
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⌧Bs!µ+µ� = (1.609± 0.010) ps
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✓ Method 1: 2D UML fit to invariant mass (M(μμ)) and decay 
time: Simultaneous fit to 8 categories.(primary method) 

✓ Method 2: And sPlot weight from the BF; binned likelihood 
fit with efficiency and resolution 

✓ Consistent with SM as well as with previous measurements

Ref: CMS JHEP 04 (2020) 188  
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✓ Consistent with SM as well as with previous measurements
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CMS results
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CMS results

High BDT

Ref: CMS JHEP 04 (2020) 188  
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Bs,d→µµ

• Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016). 2.1 σ from the SM.
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9 Rare B-Decays: Update from ATLAS A. Perrevoort

BRANCHING FRACTIONS OF 𝐵ሺ௦ሻ
଴ → 𝜇ା𝜇ି

Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016)

ℬ 𝐵௦଴ → 𝜇𝜇 ൌ ሺ2.69ି଴.ଷହା଴.ଷ଻ሻ ൈ 10ିଽ
ℬሺ𝐵଴ → 𝜇𝜇ሻ ൏ 1.9 ൈ 10ିଵ଴ at 95% CL

BPH 20 003
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B(s,d) → ee

• Helicity suppressed by 10-4 below µµ channel - NP 
effects are therefore potentially large. 

• Big improvement over previous CDF limit.
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Talk by I. Williams

CERN-LHCb-CONF-2020-002  
PRL 124 (2020) 211802 

22/09/2020 7

[Phys. Rev. Lett. 124 (2020) 211802]

▪ No	excess	of	events	are	observed	over	the	background	– limits	set		(while	
neglecting	the	contribution	from	the	other	decay)	using	the	CL$ method

and normalization mode arising from the trigger selection.
The dominant sources of systematic uncertainties on the
background composition are due to the imprecise knowl-
edge of the branching fractions of the background compo-
nents. The largest uncertainty of this type on the expected
background yield in the B-mass region is 14%, determined
from refitting the mass sidebands while varying the
background components according to their uncertainties.
Taking all correlations into account, overall single event
sensitivities of ½4.71" 0.12ðstatÞ " 0.33ðsystÞ% × 10−10 for
B0
s→eþe− and ½1.271"0.034ðstatÞ"0.063ðsystÞ%×10−10

for B0 → eþe− are obtained.
The dielectron invariant-mass spectrum, summed over

bremsstrahlung categories, is shown in Fig. 1, with the result
of theB0

s → eþe− fit. The individual categories are shown in
the Supplemental Material [38], as well as the distributions
with the result of theB0 → eþe− fit. Themeasured branching
fractions are BðB0

s → eþe−Þ ¼ ð2.4" 4.4Þ × 10−9 and
BðB0 → eþe−Þ ¼ ð0.30" 1.29Þ × 10−9, where the uncer-
tainties include both statistical and systematic components.
The results are in agreement with the background-only
hypothesis.

Upper limits on the branching fractions are set using the
CLs method [41], as implemented in the GAMMACOMBO

framework [42,43] with a one-sided profile likelihood ratio
[44] as test statistic. The likelihoods are computed from fits
to the invariant-mass distributions. In the fits, the normali-
zation factor, normalization mode branching fraction, frag-
mentation fraction ratio, and background yields are
Gaussian constrained to their expected values within stat-
istical and systematic uncertainties. Pseudoexperiments, in
which the nuisance parameters are set to their fitted values
from data, are used for the evaluation of the test statistic.
The expected and observed CLs distribu-

tions are shown in Fig. 2. The upper observed
limits are BðB0

s → eþe−Þ < 9.4ð11.2Þ × 10−9 and
BðB0 → eþe−Þ < 2.5ð3.0Þ × 10−9 at 90(95)% confi-
dence level. These are consistent with the expected
upper limits of BðB0

s → eþe−Þ < 7.0ð8.6Þ × 10−9 and
BðB0 → eþe−Þ < 2.0ð2.5Þ × 10−9 at 90(95)% confidence
level, obtained as the median of limits determined on
background-only pseudoexperiments.
In conclusion, a search for the rare decays B0

ðsÞ → eþe−

is performed using data from proton-proton collisions
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FIG. 1. Simultaneous fit to the dielectron invariant-mass distribution, with BðB0 → eþe−Þ fixed to zero. The sum of bremsstrahlung
categories is shown for (left) Run 1 and (right) Run 2. The relative proportions of background contributions change between Run 1 and
Run 2 due to different performances of the particle identification algorithms and BDT selections.
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FIG. 2. CLs values as a function of the branching fractions of the decays (left) B0
s → eþe− and (right) B0 → eþe−. The red solid line

(black solid line with data points) corresponds to the distribution of the expected (observed) upper limits, and the light blue (dark blue)
band contains the 1σ ð2σÞ uncertainties on the expected upper limits. Thresholds corresponding to 90% and 95% confidence level are
indicated with dashed lines. The observed values are plotted for branching fractions greater than the measured branching fraction in the
data; the test statistic is defined to be nonzero only in that region.
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B(B0
s ! e+e�) < 9.4 (11.2)⇥ 10�9

B(B0 ! e+e�) < 2.5 (3.0)⇥ 10�9

at 90% (95%) CL
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▪ World	leading	limit!

Search	for	the	rare	decays	!!" → $#$$ and	
!" → $#$$

[Phys. Rev. Lett. 102 (2009) 201801]

Previous results from the CDF collaboration

B(B0
s ! e+e�)CDF < 2.8⇥ 10�7

B(B0 ! e+e�)CDF < 8.3⇥ 10�8

at 90% CL
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The results are in agreement with the background-only
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Upper limits on the branching fractions are set using the
CLs method [41], as implemented in the GAMMACOMBO

framework [42,43] with a one-sided profile likelihood ratio
[44] as test statistic. The likelihoods are computed from fits
to the invariant-mass distributions. In the fits, the normali-
zation factor, normalization mode branching fraction, frag-
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Gaussian constrained to their expected values within stat-
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from data, are used for the evaluation of the test statistic.
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FIG. 1. Simultaneous fit to the dielectron invariant-mass distribution, with BðB0 → eþe−Þ fixed to zero. The sum of bremsstrahlung
categories is shown for (left) Run 1 and (right) Run 2. The relative proportions of background contributions change between Run 1 and
Run 2 due to different performances of the particle identification algorithms and BDT selections.
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▪ World	leading	limit!

Search	for	the	rare	decays	!!" → $#$$ and	
!" → $#$$

[Phys. Rev. Lett. 102 (2009) 201801]

Previous results from the CDF collaboration

B(B0
s ! e+e�)CDF < 2.8⇥ 10�7

B(B0 ! e+e�)CDF < 8.3⇥ 10�8

at 90% CL
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B+→K*(KSπ+) µµ Angular Analysis
• New. B+ → K*+μ+μ- where K*+ → K0S π+.
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Talk by S. Swain

CMS Preliminary

10 

Final results and systematic uncertainty

SM$predic@on$uses$the$method$
described$in:$JHEP$12(2014)$125$
$
CMS$results$consistent$with$SM.$$

Dominant syst. uncertainty is from  
background description and effect: 
(1) Background functional form 
(2) Effect of alternate sideband definition 
(3) Sideband statistics uncertainty  

9 

Fit validation in the signal region

• $$$Valida@on$of$angular$PDFs$(cosθK,$cosθl)$$
$$$$$from$final$fit$with$signal$region$events.$
$$$$$$$=>$Bmass$(m)$:$5.18H5.38GeV$
• $$$The$angular$distribu@ons$for$the$events$$
$$$$in$the$above$Bmass$range$are$overlaid$$
$$$$with$our$final$fit$PDF.$
• $$Good$descrip@on$of$the$signal$and$
$$$background$$angular$PDFs$in$signal$region$

10 

Final results and systematic uncertainty

SM$predic@on$uses$the$method$
described$in:$JHEP$12(2014)$125$
$
CMS$results$consistent$with$SM.$$

Dominant syst. uncertainty is from  
background description and effect: 
(1) Background functional form 
(2) Effect of alternate sideband definition 
(3) Sideband statistics uncertainty  
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B→K* ll Angular Analysis

• Fit ΔRe(C9) using flavio package and other parameters assuming their SM value: 3.3σ 
tension with SM.  

• Recent preliminary K*ee analysis (shown at ICHEP) - 4D fit (m, cos θl, cos θV, φ~). C7 is SM 
preferred.
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LHCb PRL 125, 011802 (2020)

Talk by D. Y. TouOptimised basis: P′�5

• Transform  into  basis which is independent, to first-order, of 
hadronic form-factors.


• Fit in  basis. , tension with SM at  and .


• Fit  using FLAVIO package and other parameters assuming their SM 
value:  tension with SM.

FL, AFB, Si P′�i

P′�i P′�5 = S5

FL(1 − FL)
2.5σ 2.9σ

ΔRe(C9)
3.3σ

10

2.5σ2.9σ

PRL 125, 011802 (2020)

Fit Results

9

• Efficiencies are evaluated as function of  and multiplied into  

PDF.


• Fit  distributions in 8  bins, excluding , , .

(q2, θl, θK, ϕ) d4Γ
dq2qΩ

(mKπμμ, mKπ, Ω) q2 ϕ(1020) J/ψ ψ(2S)
Disentangle  from -WaveK*0 S

PRL 125, 011802 (2020)
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B→Kll LFUV, LFV

• Most precise B→J/ψ K BRs.  

• RK consistent with SM. AI shows offset. 

• dB/dq2 consistent with SM but a bit low like LHCb. 

• Best upper limit for B→K0µe.
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Belle arXiv:1908.01848v2 
Talk by S. Choudhury

RK+ , RK 0 and RK results from Belle [arXiv:1908.01848v2]

RK (J/Â) is 0.994 ± 0.011 ± 0.010.
RK+ , RK 0 and RK are measured for [0.1 , 4.0], [4.0 , 8.12], [1.0 , 6.0], [10.2, 12.8], > 14.18, and
> 0.1 q2 bins.
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The measurements are found to be consistent with SM prediction.
The R

+
K

result of Belle for q2
œ [1.0, 6.0] GeV2/c4 bin is consitent with SM expectation within 1.1‡

and deviates from LHCb [PRL 122, 191801 (2019)] by 1.6‡.
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AI results from Belle [arXiv:1908.01848v2]

The AI (B æ J/ÂK) is ≠0.002 ± 0.006 ± 0.014.
AI is measured for B æ Kµ+µ≠, B æ Ke+e≠ and B æ K¸+¸≠ in [0.1 , 4.0], [4.0 , 8.12],
[1.0 , 6.0], [10.2, 12.8], > 14.18, and > 0.1 q2 bins.
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The AI values for all bins show negative asymmetry.
The isospin asymmetry is found for B æ Kµ+µ≠ at a level of 2.6‡ for the bin of
1 < q2 < 6 GeV2/c4.
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dB/dq2
for B æ K¸¸ [arXiv:1908.01848v2]

dB/dq2 is measured for B+
æ K+¸+¸≠ and B0

æ K 0¸+¸≠ in [0.1 , 4.0], [4.0 , 8.12], [1.0 , 6.0],
[10.2, 12.8], and > 14.18 bins.
The theoretical predictions is from the light-cone sum rule and lattice QCD calculations [JHEP 07,
067 (2011), JHEP 01, 107 (2012)].
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The dB/dq2 results for B+
æ K+µ+µ≠ is consistent with SM prediction for almost all q2 bins,

where LHCb [JHEP 06, 133 (2014)] seems to have lower values.

S. Choudhury (IIT Hyderabad, India) Rare B Decay Analyses at Belle Sep 22 2020 14 / 18

LFV in B æ K¸¸Õ
decays [arXiv:1908.01848v2]

There are 11.6+6.1
≠5.5, 1.7+3.6

≠2.2 and ≠3.3+4.0
≠2.8 signal events for B+

æ K+µ+e≠, B+
æ K+µ≠e+ and

B0
æ K 0

S
µ±eû modes, respectively.

The significance of signal yield for B+
æ K+µ+e≠ channel is 3.2‡ considering statistical and

systematic uncertainties.

The excess in B+
æ K+µ+e≠ is driven by one golden event.

Mode Á (%) Nsig NUL
sig B

(UL) (10≠8)
B+

æ K+µ+e≠ 29.4 11.6+6.1
≠5.5 19.9 8.5

B+
æ K+µ≠e+ 31.2 1.7+3.6

≠2.2 7.5 3.0
B0

æ K 0µ±eû 20.9 ≠3.3+4.0
≠2.8 3.0 3.8

The existing limit on the neutral decay mode is improved by an order of magnitude.
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Λ→pKll LFUV

• First measurement of B(Λb→pK−μ+μ−), first observation of B(Λb→pK−e+e−). 

37

JHEP 2020, 40 (2020) 

Talk by D. Y. Tou

18

• Measure  inverted ratio with  of data.


•  dilepton invariant mass and .


• First test of lepton universality in -baryons.


• Cross-checked .

R−1
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ℬ(Λb → pK−μ+μ−) 4.7 fb−1
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b

r−1
J/ψ = 0.96 ± 0.05
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Beauty 2020 Phillip URQUIJO

D Rare and Forbidden

• D0→h′−h+l±‘l∓,  and D0→h’−h−l+‘l+,  

• 12 new upper limits in the range 
(1 - 30) x 10-7 

• D0 → X0e±µ∓  

• 7 new upper limits in the range 
(5 - 30) x 10-7 

• Order 100× more stringent upper 
limits than previous results.
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PRL 124 (2020) 7, 07182 
PRD 101 (2020) 11, 112003 

Talk by A. Lusiani

Search for rare and forbidden decays of the D
0 meson by BABAR

Rare and forbidden D0 decays summary

from F. Wilson, Lake Louise, 2020
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Beauty 2020 Phillip URQUIJO

D Rare and Forbidden

• Search for 25 rare and forbidden modes. 

• Limits improve on the previous world best results by up to a factor of 500! 10-8 level.

39

Talk by I. Williams

LHCB-PAPER-2020-007

22/09/2020 14

▪ (Preliminary)	results	all	consistent	with	background-only	hypothesis	

[LHCb-PAPER-2020-007 (in preparation) – see ICHEP20 Talk]

▪ Limits	improve	on	the	previous	world	best	results	by	up	to	a	factor	of	500!

10°8 10°7 10°6 10°5

2016 limit at 90% confidence

D+ ! K+e+e°
D+ ! º+e+e°
D+ ! º°e+e+

D+ ! K+µ+e°
D+ ! K+e+µ°
D+ ! º+µ+e°
D+ ! º+e+µ°
D+ ! º°µ+e+

D+ ! K+µ+µ°
D+ ! º+µ+µ°
D+ ! º°µ+µ+

LHCb Preliminary

10°8 10°7 10°6 10°5

2016 limit at 90% confidence

D+
s ! K+e+e°

D+
s ! K°e+e+

D+
s ! º+e+e°

D+
s ! º°e+e+

D+
s ! K+µ+e°

D+
s ! K+e+µ°

D+
s ! K°µ+e+

D+
s ! º+µ+e°

D+
s ! º+e+µ°

D+
s ! º°µ+e+

D+
s ! K+µ+µ°

D+
s ! K°µ+µ+

D+
s ! º+µ+µ°

D+
s ! º°µ+µ+

LHCb Preliminary

christopher.burr@cern.ch ○ ICHEP 2020 ○ Rare charm decays at LHCb 10

Results

➤ All results consistent with background only hypothesis
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Searches	for	25	rare	and	forbidden	decays	
of	*# and	*!# mesons

Rare	decays	at	LHCb (excluding	! → #$!$")	– Beauty	202022/09/2020 13

Searches	for	25	rare	and	forbidden	decays	
of	*# and	*!# mesons Normalisation channel :

D+
(s) ! �(! l+l�)⇡+

<latexit sha1_base64="P8KR2G5xw6hIlZMpJdD59qAVdbo="></latexit>

[LHCb-PAPER-2020-007 (in preparation) – see ICHEP20 Talk]
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▪ Rare	charm	decays	have	additional	GIM	
suppression	compared	to	rare	* decays

▪ Broad	search	for	25	rare	and	forbidden	
(topologically	similar)	decays	of	the	form	
G $
! → ℎ±(!(∓ (	ℎ = {1, C}, ( = {J, +} )

▪ Resonances	vetoed	when	fitting	signal	in	
three-body	invariant	mass	distribution

▪ Different	background	sources	for	different	
final	states	– physical	backgrounds	modelled	
using	fast	simulated	samples

Rare	decays	at	LHCb (excluding	! → #$!$")	– Beauty	2020

22/09/2020 14

▪ (Preliminary)	results	all	consistent	with	background-only	hypothesis	

[LHCb-PAPER-2020-007 (in preparation) – see ICHEP20 Talk]

▪ Limits	improve	on	the	previous	world	best	results	by	up	to	a	factor	of	500!
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Searches	for	25	rare	and	forbidden	decays	
of	*# and	*!# mesons

Rare	decays	at	LHCb (excluding	! → #$!$")	– Beauty	2020



Beauty 2020 Phillip URQUIJO

K+→π+ νν

40

Talks by E. Minucci, K. Shiomi

arXiv: 2007.08218 
NA62 Preliminary
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K+ LFV, LFUV, FFs

• New results from analyses on rare and forbidden kaon decays. 

• Tight constraints on heavy neutral leptons in 50 - 450 MeV/c2 range.

41

Talk by E. Minucci
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ALPs, Dark Z’

• Z’ and axion-like particle searches using only < 0.5fb−1. 

• Single photon search is in progress. L1 trigger efficiency measured to be ~100% above 1 
GeV.

43

Talk by S. Longo

Phys.Rev.Lett.124,141801(2020)  
arXiv: 2007.13071

           Savino Longo (savino.longo@desy.de)                                                                                                                                         

11
Future Reach of Z’ Searches

• Full Belle II dataset is already over 200 times that used for first Z’ searches. 

• Larger dataset and improvements in detector/trigger performance are predicted to already significantly extend 
sensitivity compared to initial search. 

Update with current full 
dataset is in progress.

           Savino Longo (savino.longo@desy.de)                                                                                                                                         

7
Search for Z’

• Search for Z’ mediator which couples only to 2nd and 3rd generation leptons (  model).  

• Could address Dark Matter,  and  anomalies. 

• Production at Belle II by final state radiation of muon, search channel:  

Lμ − Lτ

(g − 2)μ b → sμ+μ−

e+e− → μ+μ−Z′ , Z′ → Invisiable

• Belle II signature: 

➡Missing energy + dimuon pair. 

• Search for peak in recoil mass of muons. 

• Backgrounds: 

➡ : Do not reconstruct photon 

➡ : Neutrinos escape detector 

➡ :  not in acceptance 

e+e− → μ+μ−(γ)
e+e− → τ+τ−(γ)
e+e− → e+e−μ+μ− e+e−

e+

e− μ−

μ+

Z′ 

χ

χ̄

γ*

B. Shuve and I. Yavin, Phys. Rev. D 89, 113004 (2014).
W. Altmannshofer et al, J. High Energy Phys. 12 (2016) 106.
D. Curtin et al, J. High Energy Phys. 02 (2015) 157.

           Savino Longo (savino.longo@desy.de)                                                                                                                                         

15
ALP Search Results

• Search conducted with  of commissioning data. 

• No excess observed, limits set on ALP coupling to photons. 

• Submitted to PRL.  Preprint:  arXiv: 2007.13071

0.445 fb−1

           Savino Longo (savino.longo@desy.de)                                                                                                                                         

14ALP Search
• Select fully neutral events consisting of 3 well-isolated photons 

with total invariant mass consistent with . 

• Search strategy optimized to maximize ALP sensitivity. 
➡High ALP mass: Search  spectrum. 

➡ Low ALP mass: Search  spectrum. 

s

Mrecoil
Mγγ

           Savino Longo (savino.longo@desy.de)                                                                                                                                         

13
Search for Axion-Like Particles 

• Axion-Like Particles (ALPs) are pseudoscalars, , which couple to Standard Model bosons via,   and/or 

.  Belle II focus on . 

• ALPs with mass in the MeV-GeV range could be mediators to Dark Sectors and also could impact . 

• Belle II search conducted using ALPstrahlung production channel: 

a gaγZ
gaγγ gaγγ

(g − 2)μ

M. J. Dolan et al., J. High Energy Phys. 12, 094 (2017).

Present analysis 
assumes prompt 
ALP decay
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ALPs in meson decays & Dark scalars

• First ALPs search in flavour changing B decays (B±→K±a, a→γγ) - improves on existing limits 
on ALP — W-boson coupling by 2 orders of magnitude below 5 GeV/c2. 

• First search for a new dark leptophilic scalar produced in τ--pair events

44

Talk by L. Zani
Babar Preliminary + 
arxiv:2005.01885 

L.Zani, BEAUTY2020 - Search for low-mass NP states at BaBar 11

B± ? K±a: limits on ALP coupling   
● From measured upper limits on BF 
as a function of the lifetime derive 
limits on gaW coupling

● Improvement of 2 orders of 
magnitude on all the mass 
spectrum for ma < 5 GeV

** Limits from kaons decays are 
extracted from existing measurements, 
according to the study presented here: 
Phys.Rev.Lett. 118 (2017) 11, 111802

** 

L.Zani, BEAUTY2020 - Search for low-mass NP states at BaBar 7

ALPs in meson decays

� Flavor Changing Neutral Current processes are a perfect 
testbed to search for low mass ALP emitted by a W± ( exploit 
b ? s transitions)

●  B? K  isγγ  extremely rare in the SM and hence uniquely 
sensitive to very small ALP-W coupling g

aW  
●  ~ 1/mτ a

3g2a  γγ: displaced vertex, long-lived particle constraints

E. Izaguirre, T. Lin, B. 
Shuve, PRL 118 (2017)

● ALPs are pseudo-scalars mainly coupling to pairs of gauge bosons, with non-renormalizable coupling constant 
 [gaV ] ~ 1/M

● Most of ALPs searches target gluons or photons coupling at E ~ MeV-GeV 
● W± coupling is usually suppressed at low energy for E<< MW

Search for the process  B± � K±a, a � !!  by looking at narrow peaks in the diphoton 
invariant mass spectrum  - signature searched for the (rst time!

L.Zani, BEAUTY2020 - Search for low-mass NP states at BaBar 7
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Search for the process  B± � K±a, a � !!  by looking at narrow peaks in the diphoton 
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L.Zani, BEAUTY2020 - Search for low-mass NP states at BaBar 16

Summary
● The full BaBar data set dominates constraints on some low mass 

New Physics states.

● Shown today:

–First ALPs search in 0avor changing B-meson decays (B± ⇡ K±a, 
a ⇡ !!) 

●improve the existing limits on the ALP and W-boson coupling g
aW
 of 

2 orders of magnitude below 5 GeV

–First search for a new dark leptophilic scalar produced in -" pair 
events

●limits on the leptophilic scalar coupling ξ improved by one order of 
magnitude ? favored g-2 muon anomaly band ruled out completely 
up to 4 GeV.

Th#ks for yo+ ,-ion!
arXiv:2005.01885

** Limits derived in Phys.Rev.Lett. 118 (2017) 11, 111802

** 

L.Zani, BEAUTY2020 - Search for low-mass NP states at BaBar 12

Dark tauonic force
● New light dark scalar with mass-proportional coupling to leptons 
● Could explain the g-2 muon anomaly (only weakly constrained 
by previous searches for muonic dark force*) 
? Leptophilic scalar radiatively emitted by  pairs may be τ

enhanced due to larger masses!
● Look for the process:   e+e<�τ+τ<φ

 L 
, φ

 L 
�ℓ+ℓ< (=e,)ℓ $

● Search for a narrow resonance in dilepton spectrum for  0.04 
GeV < mL"  < 7.0 GeV:
–mL"  < 2mμ  search separately for lifetimes cτ L" = 0, 1, 10, 100 
mm; 

–above dimuon threshold, only prompt decays.

* Phys. Rev. D 94,011102 (2016) 

Total BaBar data set at R(2S), R(3S), 
R(4S) and their vicinities: 514 fb-1
● 5% used for analysis optimization and 
discarded ? BLIND ANALYSIS

arXiv:1606.04943
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X(2900) Amplitude analysis of B+ → D+D−K+

• Reasonable agreement with data 
when including 2 D−K+ Breit-Wigners  
mX0(2900) = 2886 ± 7 ± 2 MeV, 
ΓX0(2900) = 57 ± 12 ± 4 MeV 
mX1(2900) = 2904 ± 5 ± 1 MeV, 
ΓX1(2900) = 110 ± 11 ± 4 MeV 
However, other models (i.e. res-
cattering) may also explain the 
discrepancy  

• If interpreted as resonances: first 
clear observation of exotic hadrons 
with open flavour, and without a 
heavy quark-antiquark pair.

46

arXiv:2009.00025

Talk by L. Capriotti

Amplitude analysis of B+ æ D+D≠K+
Data not well described by considering only DD resonances
Two D≠K+ Breit-Wigners added to improve significantly the fit
Spin-0 and spin-1, roughly the same mass

Lorenzo Capriotti - LHCb: exotic spectroscopy 17 / 24
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X/χc1(3872)

47

arXiv:2005.13419  
JHEP 08 (2020) 123

Talks by D. Fasanella. S. Zhentian, L. CapriottiMass and width of ‰c1(3872)
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Yellow vertical bands correspond to the new world averages:

mBW
‰c1(3872) = 3871.64 ± 0.06 MeV

�BW
‰c1(3872) = 1.19 ± 0.19 MeV
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Mass and width of ‰c1(3872)
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XYZ States from BESIII

48

PRD 102, 031101 (2020)  
PRD 102, 012009 (2020) 

Talk by S. Zhentian

"($%$&à π0 34/àπ0π0 J/ψ )

• The Zc fraction is extracted with PWA
• A	hint	of	connection	between	Y(4220)	and	Zc(3900)

12

PRD	102,	012009	(2020)

"($%$&à π0 34/àπ0π0 J/ψ )

• The Zc fraction is extracted with PWA
• A	hint	of	connection	between	Y(4220)	and	Zc(3900)

12

PRD	102,	012009	(2020)

"($%$&à π0 34/àπ0π0 J/ψ )

• The Zc fraction is extracted with PWA
• A	hint	of	connection	between	Y(4220)	and	Zc(3900)

12

PRD	102,	012009	(2020)

Evidence	of	X(3872)à<J/*

• Evidence	of		X(3872)àMJ/Nwith	

significance	3.5	X

• Uplimit of	

						]*=
_[a bcde →<*f]

_[a bcde →<(*]
<0.59	(CL. 90%)

• Previousmeasurement of]*
BaBar:	3.4±1.4
LHCb:		2.46±0.64±0.29
Belle:		<2.1	(CL.	90%)

• BESIII’s result have tensionwith BarBar
and LHCb’s result.

• This ration 	]* can provide information
for distinguishing different theoretical
models of X(3872)

17

PRL124,	242001	(2020)
h/i → j%j&

h/i → k%k&

i′ → B%B&h/i
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PRL124,	242001	(2020)
h/i → j%j&

h/i → k%k&

i′ → B%B&h/i

i′ → k%k&

Cross section of e+e- àπ0π0J/ψ

p The measured cross section compared with e+e- àπ+π-J/ψ
satisfy the isospin symmetry.

p In the fitting, the parameter of Y(4320) are fixed to charged mode.
Significance(Y(4320))=4.3!
p And the measured parameter of Y(4220) also agree with
that in e+e- àπ+π-J/ψ.

Y(4220):M	=	(4220.4�2.4�2.3)	MeV, Γ =	(46.2�4.7�2.1)	MeV

PRD	102,	012009	(2020)

6

e+e- àπ+π-J/ψ PRL 118,	092001	(2017)	
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PRL124,	242001	(2020)
h/i → j%j&

h/i → k%k&

i′ → B%B&h/i

i′ → k%k&

Comparison of Y(4220) parameters in different channels

The mass of Y(4220) in $%$&à '(/* is compatible with other
channels.

8
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Observation of X(6900)→J/ψ J/ψ

• Predictions for the masses of a 4-charm state: 5.8 - 7.4 GeV 

• Further studies are required to investigate the nature of X(6900). 
If confirmed: first observation of an exotic hadron made of 4 heavy quarks of same flavour 

49

arXiv:2006.16957
Talk by L. Capriotti

Structure in J/Â-pair mass spectrum
No interference
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Threshold enhancement described by
two resonances
S-wave BW ◊ 2-body phase space
mX(6900) = 6905 ± 11 ± 7 MeV
�X(6900) = 80 ± 19 ± 33 MeV
Significance >5‡

Threshold enhancement described by
interference
One BW, interference with SPS
mX(6900) = 6886 ± 11 ± 11 MeV
�X(6900) = 168 ± 33 ± 69 MeV
Significance >5‡

Further studies are required to investigate the nature of X(6900).
If confirmed =∆ first observation of an exotic hadron entirely composed by heavy
quarks of the same flavour

Lorenzo Capriotti - LHCb: exotic spectroscopy 12 / 24
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Search for bbbb via Y(1S)µµ

• No significant excess of events compatible with a narrow resonance has been observed in 
the window between 16.5 and 27 GeV within the 𝛶(1S)𝜇𝜇 mass spectrum. To be performed 
with full Run-2 data.

50

PLB 808 (2020) 135578

Talk by A. Di Florio

Tetraquark Searches

Adriano Di Florio Beauty2020: 19th International Conference on B-Physics at Frontier Machines, 21-24 Sep 2020 8

The existence of an heavy bottom tetraquark is
checked in a mass window between 17.5÷19.5 GeV
(namely around 4 times the mass of the bottom
quark). A mass-dependent upper limit is set on

Observed distribution does not show any unexpected peak

O++→-×ℬ(R → ! 1L "" → 4")

N.B. using the number of 2 1; 2 1; events observed in data as a reference, a
resonance with a mass at ~19GeV and having a similar production cross-section,
? (→ BC ) and kinematic distributions as the 2 1; 2 1; production, would
produce ~100 candidates.

Tetraquark Searches

Adriano Di Florio Beauty2020: 19th International Conference on B-Physics at Frontier Machines, 21-24 Sep 2020 8

The existence of an heavy bottom tetraquark is
checked in a mass window between 17.5÷19.5 GeV
(namely around 4 times the mass of the bottom
quark). A mass-dependent upper limit is set on

Observed distribution does not show any unexpected peak

O++→-×ℬ(R → ! 1L "" → 4")

N.B. using the number of 2 1; 2 1; events observed in data as a reference, a
resonance with a mass at ~19GeV and having a similar production cross-section,
? (→ BC ) and kinematic distributions as the 2 1; 2 1; production, would
produce ~100 candidates.

+ more results on Λb spectroscopy
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b hadron Spectroscopy
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PRL 124, 111802  (2020) 
arxiv:2007.12096  

PRL:124, 082002 (2020)

Talk by A. Venkat

Sep 23, 2020 19BEAUTY 2020 - Arvind Venkat
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• Global significances calculated using pseudo-
experiments, account for look-elsewhere effect

State Signal Yield ì´¨¨ [MeV] Width [MeV] 
(90% CL)

Global Significance

Ω≠ 6316 > 15>üNÆ 6315.64 ± 0.31 ± 0.07 ± 0.50 < 2.8 2.1

Ω≠ 6330 > 18>üNÆ 6330.30 ± 0.28 ± 0.07 ± 0.50 < 3.1 2.6

Ω≠ 6340 > 47>?KN?? 6339.71 ± 0.26 ± 0.05 ± 0.50 < 1.5 6.7
Ω≠ 6350 > 57>?çN?Ø 6349.88 ± 0.35 ± 0.05 ± 0.50 < 2.8

1.4>K.∞N?.K ± 0.1
6.2
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Observation of new ΞJ state PRELIMINARY

• New state, ΞJ 6227 K, observed in ΞJ
>πN with 10σ significance

• ΞJ
> → ΞMKπ>πNπ>

• ΞJ
> → ΞMKπ>

• m = 6227.1>?.ü
N?.Ø ± 0.5 MeV, Γ = 18.6>Ø.?Nü.K ± 1.4 MeV

• BONUS: New precision measurement of 
• m(ΞJ

>) = 5797.33 ± 0.27 ± 0.29 MeV
• m ΞJ 6227 > = 6227.9 ± 0.8 ± 0.5 MeV

•
úùn ¡jj¬ k

úùn
ô

B ΞJ 6227 K → ΞJ
>πN = 0.045 ± 0.008 ± 0.004

• Consistent with value for ΞJ 6227 >

Preliminary Preliminary

ΞJ 6227 K consistent with being isospin partner of 
previously observed ΞJ 6227 > → ΞJ

Kπ>, ΛJK>

Preliminary Preliminary

ΞJ 6227 > ΞJ 6227 >

ΞJ 6227 K ΞJ 6227 K

Preliminary

• Various new results: first observation of Ωb- states, new Xib(6227)0 state, Upper limit on 
Γ(Λb→J/ψΣ0)/Γ(Λb→J/ψΛ) and first measurement of  Γ(Ξb→J/ψΣ0)/Γ(Ξb→J/ψΛ). 

• New insights into spectroscopy.
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Y(3S) LFU τ/µ

• Using a 26.9 fb-1 data sample collected at the Υ (3S) and 78.3 fb-1 data sample at the Υ(4S) to 
describe the continuum. Measurement O(10x) improvement on previous result. 
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Talk by M. Roney
arXiv:2005.01230 

Final'Fit'with'continuum'subtracted

J.M.Roney,$Univ.$of$Victoria$$$$$$$tau@mu$LFU$in$Y(3S)$Decays$at$BaBar$$$$$$$$$$$$$$$$BEAUTY$2020 18

Effects'of'ISR'production'of'ϒ(nS)'evident'in'
continuumQsubtracted''distribution'…'ϒ (1S)'particularly'clear

Continuum'template'is'NOT'corrected
For'ISR'production'of'Y(nS)

Continuum'template'IS'corrected
For'ISR'production'of'Y(nS)Motivation

J.M.Roney,$Univ.$of$Victoria$$$$$$$tau@mu$LFU$in$Y(3S)$Decays$at$BaBar$$$$$$$$$$$$$$$$BEAUTY$2020

In$[Phys.$Lett.$B653,$67,$2007]$a$light$CP@odd
Higgs$boson$A0 is$proposed.$In$2HDM(II)$with$
large$tan# the$A0 boson$exclusively$decays$into$
!@pairs$and$thus$New$Physics$effects$might$
modify R)78)))in$Υ(nS)$decays.

Aloni et$al$in$[J.$High$Energ.$Phys.$06,$019$
(2017)]$propose$a$New$Physics$contribution$to$
b→c@A which$explains$the tension$in$R(D(*))$and$
which$must$also$modify$the R)78))observable$
– encourage$this$measurement$to$be$made

3

The only other measurement is by the CLEO collaboration [Phys.Rev.Lett. 98
(2007) 052002]: B)CD = 1.05±0.08±0.05.

Conclusion

J.M.Roney,$Univ.$of$Victoria$$$$$$$tau@mu$LFU$in$Y(3S)$Decays$at$BaBar$$$$$$$$$$$$$$$$BEAUTY$2020 22

R!µ ='
B(ϒ(3S)→!+!−)
B(ϒ(3S)→µ+µ− = )V. WXXY ± V. VVZ[\]^] ± V. VN[\_\]

=  V. WXXY ± V. VNXaba

paper'on'this'work (arXiv:2005.01230)'
has'been'submitted'to'PRL

This'measurement'is'6'x'more'precise'than'CLEO’s'result
and'is'within'2*  of'the'SM'value'of'0.9948

Using'a'26.9'fbQ1 data'sample'collected'at'the''ϒ)(3S)'and'
78.3'fbQ1 data'sample'at'the'ϒ)(4S) to'describe'the'continuum,
BABARmeasures:'

SM = 0.9948 
Δ < 2 σ
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Expected (Integrated) Luminosity @ B machines

54

Upgrades Long-term perspective

LHCb upgrades
h
CERN-LHCC-2017-003
LHCB-PUB-2018-009

i

Aim to collect ⇥100 data, improving upon 1-2 fb�1/year.

5X lumi

10X lumi

ATLAS/CMS
   upgrades

Run1 Run2 Run3 Run4

50/fb23/fb9/fb

U1a U1b U2

Belle2, 50/ab

300/fb

HiLumi-LHC

,! [see Laurent
0
s talk on Thu]

Staged upgrade
towards 300 fb�1

Upgrade Ia(now)

Entire detector
R/O at 40MHz
Versatile online
s/w trigger

Biplab Dey LHCb status, highlights, prospects 21st Sept, 2020 25 / 28
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Physics Cases
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New perspective on anomalies: Belle II Radiative and EWP B decays

• Except for B→Xs+d γ inclusive, all channels are highly statistics limited. 

• Expect systematics to be subdominant beyond 50 ab-1 

• Key to understand beam background induced efficiency loss and EECL 
degradation in B→Kνν. 

• SM level (5σ) in B→Xνν. Novel ALPs/Scalars/LLPs searches in B decays.

56

Table 5: Expected errors on several selected observables in radiative and electroweak penguin

B decays. Note that 50 ab�1 projections for Bs decays are not provided as we do not expect

to collect such a large ⌥ (5S) data set.

Observables Belle Belle II

(2017) 5 ab�1 50 ab�1

B(B ! K⇤+⌫⌫) < 40⇥ 10�6 25% 9%

B(B ! K+⌫⌫) < 19⇥ 10�6 30% 11%

ACP (B ! Xs+d�) [10
�2] 2.2± 4.0± 0.8 1.5 0.5

S(B ! K0

S⇡
0�) �0.10± 0.31± 0.07 0.11 0.035

S(B ! ⇢�) �0.83± 0.65± 0.18 0.23 0.07

AFB(B ! Xs`+`�) (1 < q2 < 3.5 GeV2/c4) 26% 10% 3%

Br(B ! K+µ+µ�)/Br(B ! K+e+e�)

(1 < q2 < 6 GeV2/c4)

28% 11% 4%

Br(B ! K⇤+(892)µ+µ�)/Br(B !

K⇤+(892)e+e�) (1 < q2 < 6 GeV2/c4)

24% 9% 3%

B(Bs ! ��) < 8.7⇥ 10�6 23% �

B(Bs ! ⌧⌧) [10�3] � < 0.8 �

Charm physics. This chapter presents the prospects for charm meson physics, sum- 330

marised in Tables 12 and 13. Charm is a large area of opportunity for Belle II, covering 331

CP violation, FCNC, tree level and missing energy decay transition measurements. Novel 332

techniques for tagging in CP violation measurements are shown. 333

Quarkonium. This chapter presents the prospects for quarkonium(like) physics, providing 334

a detailed theoretical overview of perturbative QCD computation, lattice QCD as well as 335

models for unconventional states (Tetraquark, Hybrid mesons and Hadronic molecule) is 336

presented. At Belle II, charmonium(-like) states can be produced from B decays, initial 337

state radiation, two photon collisions, and double charmonium production, which allow for 338

detailed studies of the nature of any observed states. The motivations for dedicated non- 339

⌥ (4S) runs are detailed: to provide us with a deeper understanding of bottomonium(-like) 340

states. Light Higgs and lepton universality violation searches using decays of ⌥ (1S, 2S, 3S) 341

are also reviewed. 342
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Fig. 22: In the two-dimensional scans of pairs of Wilson coe�cients, the current average (not

filled) as well as the extrapolations to future sensitivities (filled) of LHCb at milestones I,

II and III (exclusive) and Belle II at milestones I and II (inclusive and exclusive) are given

and are progressively overlaid. The central values of the extrapolations have been evaluated

in the NP scenarios listed in Table 18. The future projections at milestones I, II and III are

given by the filled contours The contours correspond to 1� uncertainty bands. The Standard

Model point (black dot) with the 1�, 3�, 5� and 7� exclusion contours with a combined

sensitivity of Belle II’s 50 ab�1 and LHCb’s 50 fb�1 datasets is indicated in light grey. The

primed operators show no tensions with respect to the SM; hence no SM exclusions are

provided.
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Figure 1: Two-dimensional constraints in the plane of NP contributions to the real parts of
the Wilson coe�cients C9 and C10 (left) or C9 and C

0
9 (right), assuming all other

Wilson coe�cients to be SM-like. For the constraints from the B ! K
⇤
µ
+
µ
� and

Bs ! �µ
+
µ
� angular observables from individual experiments as well as for the

constraints from branching ratio measurements of all experiments (“BR only”), we
show the 1� (��

2
⇡ 2.3) contours, while for the global fit (“all”), we show the 1, 2,

and 3� contours.

contours showing the constraints coming from the angular analyses of individual experiments,
as well as from branching ratio measurements of all experiments.

We observe that the individual constraints are all compatible with the global fit at the 1� or
2� level. While the CMS angular analysis shows good agreement with the SM expectations,
all other individual constraints show a deviation from the SM. In view of their precision,
the angular analysis and branching ratio measurements of LHCb still dominate the global fit
(cf. Figs. 5, 7, 6 and 8), leading to a similar allowed region as in previous analyses. We do not
find any significant preference for non-zero NP contributions in C10 or C

0
9 in these two simple

scenarios.
Similarly to our analysis of scenarios with NP in one Wilson coe�cient, we repeat the

fits doubling the form factor uncertainties and doubling the uncertainties of non-factorizable
corrections. For NP in C9 and C10, we find that the pull is reduced from 5.0� to 3.7� and 4.1�,
respectively. For NP in C9 and C

0
9 the pull is reduced from 5.3� to 4.1� and 4.4�, respectively.

The impact of the inflated uncertainties is also illustrated in Fig. 2. Doubling the hadronic
uncertainties is not su�cient to achieve agreement between data and SM predictions at the 3�

level.

3.3. New physics or hadronic e↵ects?

It is conceivable that hadronic e↵ects that are largely underestimated could mimic new physics
in the Wilson coe�cient C9 [24]. As first quantified in [60] and later considered in [23,25,26,33],

6

12

Physics Motivation

Radiative and Electroweak Penguin WG


⇾ e.g. B → Xs/d ɣ, B → Xs/d !!

MoriondEW, Mar 19, 2016 Experimental Summary

Flavour anomalies
b → s µ+µ– continues to produce interesting results, more channels added

LHCb showed results with full angular analyses for K*µµ 
(8 independent CP-averaged observables).                      
Best experimental precision on AFB, FL, …

Also angular and diff. BR analysis of Bs → φµµ, and diff. 
BR analysis of B+ → K+µµ

Johannes Albrecht
Searches for New Physics in b → s ����  

Johannes Albrecht 

Introduction

Rare B and D decay measurements at LHC and the TeVatron
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Sensitivity to the di↵erent SM & NP contributions through decay
rates, angular observables and CP asymmetries.
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•  SM: Flavour changing neutral currents only at loop-level  
•  b → s ���� give a unique glimpse to higher scales: 

experimentally and theoretically clean 

13. March 2016 3/19 
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Use ratio to cancel FF dependence: &'( = *'/ ,-(1 − ,-)
Full Run-1 dataset and new analysis confirms discrepancy
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Global fit with new physics parameterisation (C9
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NP) seems to reproduce observed discrepancy pattern
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Differential branching ratio of Bs → φµµ decay 

P’5 measurements from ATLAS & CMS in work

~ 5σ Tension

In 2015, the LHCb collaboration presented their B ! K
⇤
µ
+
µ
� angular analysis based on the

full Run 1 data set, confirming the tension found earlier [31]. Several updated global analyses
have confirmed that a consistent description of the tensions in terms of NP is possible [32–34],
while an explanation in terms of an unexpectedly large hadronic e↵ect cannot be excluded.
Recent analyses by Belle [35,36] also seem to indicate tensions in angular observables consistent
with LHCb. At Moriond Electroweak 2017, ATLAS [37] and CMS [38] finally presented their
preliminary results for the angular observables based on the full Run 1 data sets. The aim of the
present paper is to reconsider the status of the B ! K

⇤
µ
+
µ
� anomaly in view of these results.

Our analysis is built on our previous global analyses of NP in b ! s transitions [12, 32, 39, 40]
and makes use of the open source code flavio [41].

2. E↵ective Hamiltonian and observables

The e↵ective Hamiltonian for b ! s transitions can be written as

He↵ = �
4 GF
p

2
VtbV

⇤
ts

e
2

16⇡2

X

i

(CiOi + C
0
iO

0
i) + h.c. (1)

and we consider NP e↵ects in the following set of dimension-6 operators,

O9 = (s̄�µPLb)(¯̀�µ
`) , O

0
9 = (s̄�µPRb)(¯̀�µ

`) , (2)

O10 = (s̄�µPLb)(¯̀�µ
�5`) , O

0
10 = (s̄�µPRb)(¯̀�µ

�5`) . (3)

We neither consider new physics in scalar operators, as they are strongly constrained by
Bs ! µ

+
µ
� (see [42] for a recent analysis), nor in dipole operators, which are strongly con-

strained by inclusive and exclusive radiative decays (see [43] for a recent analysis). We also do
not consider new physics in four-quark operators, although an e↵ect in certain b ! cc̄s opera-
tors could potentially relax some of the tensions in B ! K

⇤
µ
+
µ
� angular observables [44].

In our numerical analysis, we include the following observables.

• Angular observables in B
0

! K
⇤0

µ
+
µ
� measured by CDF [45], LHCb [31], ATLAS* [37],

and CMS* [38,46,47],

• B
0,±

! K
⇤0,±

µ
+
µ
� branching ratios by LHCb* [15,48], CMS [46,47], and CDF [45],

• B
0,±

! K
0,±

µ
+
µ
� branching ratios by LHCb [15] and CDF [45],

• Bs ! �µ
+
µ
� branching ratio by LHCb* [16] and CDF [45],

• Bs ! �µ
+
µ
� angular observables by LHCb* [16],

• the branching ratio of the inclusive decay B ! Xsµ
+
µ
� measured by BaBar [49].

Items marked with an asterisk have been updated since our previous global fit [32]. Concerning
B

0
! K

⇤0
µ
+
µ
�, both LHCb and ATLAS have performed measurements of CP-averaged

angular observables Si as well as of the closely related “optimized” observables P
0
i . While

LHCb gives also the full correlation matrices and the choice of basis is thus irrelevant (up to
non-Gaussian e↵ects which are anyway impossible to take into account using publicly available
information), ATLAS does not give correlations, so the choice can make a di↵erence in principle.
We have chosen to use the P

0
i measurements, but have explicitly checked that the best-fit regions
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LHCb gives also the full correlation matrices and the choice of basis is thus irrelevant (up to
non-Gaussian e↵ects which are anyway impossible to take into account using publicly available
information), ATLAS does not give correlations, so the choice can make a di↵erence in principle.
We have chosen to use the P

0
i measurements, but have explicitly checked that the best-fit regions

and pulls do not change significantly when using the Si observables.
We do not include the following measurements.
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Fig. 22: In the two-dimensional scans of pairs of Wilson coe�cients, the current average (not

filled) as well as the extrapolations to future sensitivities (filled) of LHCb at milestones I,

II and III (exclusive) and Belle II at milestones I and II (inclusive and exclusive) are given

and are progressively overlaid. The central values of the extrapolations have been evaluated

in the NP scenarios listed in Table 18. The future projections at milestones I, II and III are

given by the filled contours The contours correspond to 1� uncertainty bands. The Standard

Model point (black dot) with the 1�, 3�, 5� and 7� exclusion contours with a combined

sensitivity of Belle II’s 50 ab�1 and LHCb’s 50 fb�1 datasets is indicated in light grey. The

primed operators show no tensions with respect to the SM; hence no SM exclusions are

provided.
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Belle II - LHCb Comparison

57

Observable
Current 

Belle/
Babar

2019 
LHCb

Belle II  
(5 ab-1)

Belle II  
(50 ab-1)

LHCb  
(23 fb-1)

Belle II 
Upgrade  
(250 ab-1)

LHCb 
upgrade II 
(300 fb-1)

CKM precision, new physics in CP Violation
sin 2β/φ1 (B→ J/ψ KS) 0.03 0.04 0.012 0.005 0.011 0.002 0.003
γ/φ3 13º 5.4º 4.7º 1.5º 1.5º 0.4º 0.4º
α/φ2 4º – 2 0.6º – 0.3º –
|Vub| (Belle) or |Vub|/|Vcb| (LHCb) 4.5% 6% 2% 1% 3% <1% 1%
φs – 49 mrad – – 14 mrad – 4 mrad
SCP(B→η’ KS, gluonic penguin) 0.08 ○ 0.03 0.015 ○ 0.007 ○
ACP(B→KSπ0) 0.15 – 0.07 0.04 – 0.02 –
New physics in radiative & EW Penguins, LFUV
SCP(Bd→K* γ) 0.32 ○ 0.11 0.035 ○ 0.015 ○
R(B→K*l+l-) (1<q2<6 GeV2/c2) 0.24 0.1 0.09 0.03 0.03 0.01 0.01
R(B→D*τν) 6% 10% 3% 1.5% 3% <1% 1%
Br(B→τν), Br(B→K*νν) 24%, – – 9%, 25% 4%, 9% – 1.7%,  4% –
Br(Bd→µµ) – 90% – – 34% – 10%
Charm and τ 
ΔACP(KK-ππ) – 8.5×10-4 – 5.4×10-4 1.7×10-4 2×10-4 0.3×10-4

ACP(D→π+π0) 1.2% – 0.5% 0.2% – 0.1% –
Br(τ→e γ) <120×10-9 – <40×10-9 <12×10-9 – <5×10-9 –
Br(τ→µµµ) <21×10-9 <46×10-9 <3×10-9 <3×10-9 <16×10-9 <0.3×10-9 <5×10-9

Belle II  
Higher sensitivity to decays with 
photons and neutrinos (e.g. 
B→Kνν, µν), inclusive decays, 
time dependent CPV in Bd, τ 
physics. 

LHCb 
Higher production rates for ultra 
rare B, D, & K decays, access to all 
b-hadron flavours (e.g. Λb), high 
boost for fast Bs oscillations. 

Overlap in various key areas to 
verify discoveries. 

Upgrades  
Most key channels will be stats. 
limited (not theory or syst.). 
LHCb scheduled major upgrades 
during LS3 and LS4. 
Belle II formulating a 250 ab-1 
upgrade program post 2028.

arXiv: 1808.08865 (Physics case for LHCb upgrade II), PTEP 2019 (2019) 12, 123C01 (Belle II Physics Book)
○ Possible in similar channels, lower precision
– Not competitive.

Results on other D & τ 
modes expected

+ Important contributions on B  and D flavour 
physics from ATLAS, CMS, BESIII.
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Remarks on research plans
• The B-factories (inc. LHCb) were built to be very good for flavour, but have weaknesses. Continued 

upgrade plans and technique development will serve us well.  

• e.g. LFU Anomalies: there’s often neutrinos, often a bremsstrahlung tail. Needs 1) improved/
evolving calorimetry techniques, and ideally reduced material, improved mapping; 2) faster, better 
particle ID and robust tracking with maximal phase space coverage: all things we strive for. 

• Theory errors are substantial in SM precision measurements. We need suff icient emphasis on 
measurements of theory control modes, QCD effects in precision SM analyses and precise tests of 
FCNC NP, and tests of LQCD. 

• New ideas.  

• The physics plans (Belle II, BESIII, LHCb etc.) were written to benchmark the experiment prospects 
and develop ideas. Newcomers - read the physics plans but then put them down and innovate. 

• Collaboration and competition.  

• Collaborative work between flavour machines to address outstanding problems are an important 
area: LHC B→µµ/ee, BESIII+LHCb Φ3, HFLAV activities, BFs for normalisation.
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Conclusion
Thanks to IMPU Tokyo for hosting 
the conference. 

There were lots of new and 
exciting results and ideas shared.


